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ABSTRACT 


V 

A  brief  description  Is  presented  of  the  program  scope  for  additional 
studies  to  develop  a  nondestructive  testing  technique  to  determine  flaw 
criticality.  The  results  of  limited  instrumentation  evaluations  for  obtaining 
real  time  stress  wave  emission  data  are  discussed.  The  fabrication  of  speci¬ 
mens  to  be  tested  at  Aerojet  and  during  concurrent  programs  under  ARPA 
sponsorship  at  the  University  of  Michigan  and  North  American  Rockwell  Corporation 
is  also  discussed. 

(>r 
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l'  introduction 

This  program  is  being  conducted  to  develop  nondestructive  testing 
cr  tens  Which  can  be  employed  to  detect  end  locate  flaws  in  structure,  end 
assess  their  potential  for  reaching  a  critical  failure  condition.  Two  basic 

technologies,  Screes  Wave  Emission  end  fracture  mechanics  are  being  employed 
to  accomplish  this  objective.  X 

Stress-wave  emissions  are  generated  by  stressed  materials  as  a  result 
t  e  release  of  kinetic  energy  from  a  deformation  mechanism.  The  region 
surrounding  this  defecation  will  aeguire,  if  only  temporarily,  a  new  and 
more  stable  stress  field.  This  new,  impulsively  developed,  stress  field  will 
give  rise  to  oscillations  which  decay  due  to  the  inelastic  behavior  of  the 
erlal.  The  elastic  wave,  propagate  out  from  the  source  and  are  detected 
as  small  displacements  on  the  surface  of  the  specimen.  These  displacements, 

.  ress-wave  emissions,  can  be  used  to  locate  the  source  of  the  emission  and 
provide  a  mean,  of  as.es.ing  the  increment  deformation  and/or  flaw  extension. 

the  r  “near  el“tlC  fraCtU"  "'ChanlC'  *»  *"  engineering  method  of  determining 
the  stresses  in  the  vicinity  of  a  stress  concentration.  These  solutions  are 

developed  through  application  of  elasticity  theory  and  they  determine  linear 

relationship,  between  stress  functions  and  dimensional  functions  of  the  flaw 

s  stress-intensity  factor"  which  depend,  on  the  flaw's  site,  shape  and 

orientation  with  respect  to  loed  and/or  specimen  geometry,  is  a  means  of  defining 

the  rate  of  supply  „f  available  energy  for  crack  propagation  in  terms  of  the 

app  led  stress  field  within  the  specimen.  The  advantage  of  using  the  stress- 

intensity  factor  00  is  that  it  may  be  evaluated  in  term,  of  the  applied  stress, 

e  crack  sire  and  the  specimen  dimensions  and  is  thus  reduced  to  a  stress 

analysis  problem.  Through  this  engineering  method,  any  problem  solvable  by 

inear  stress  analysis  is  capable  of  being  analyze!  from  a  fracture  toughness 
point  of  view. 
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During  the  previous  years  studies  under  this  contract ^Re£*\  it  was 
demonstrated  that  tha  straas  wava  data  nay  be  parametrically  related  to  stress- 
intensity  factora.  These  relationships  axe  being  further  investigated  during 
tha  present  study  for  a  variety  of  materials  and  use  conditions.  This  report 
cover r  the  progress  during  the  period  of  June  through  August  1970. 


Ref.:  Green,  A.  T.  and  Hartbowar,  C.  E,,  Development  of  a  Nondestructive 
Testing  Technique  to  Determine  Flsr  Criticality,  May  1970,  Interim 
Report  under  Contract  P33615-68-C -P05. 
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OVERALL  PROGRAM  SCOT*  r 


The  program  to  bo  performed  to  develop  the  Stress-Wave-Emission  tech 
no  ogy  for  e  nondestructive  inspection  system  is  divided  into  three  phases- 
a  brief  description  of  the  work  planned  in  each  is  shown  below. 

PHASE  I  -  SPECIMEN  FABRICATION 


wring  Phase  I,  the  specimens  for  testing  in  subsequent  program  phases 
Will  be  fabricated.  The  1100-0  and  70^5-16  aluminum  alloys  and  the  Borosilicate 
Glass  and  Borslc  reinforced  aluminum  matrix  composite  materials  will  also  be 
procured  during  this  phase.  The  D6aC  steel  and  6A1-4V  titanium  materials  are 
presentlj  available  from  the  first  year’s  study  under  Contract  F33615-68-C-1705 
the  results  of  which  were  published  in  Reference  (1).  the  materials  and 

appropriate  thicknesses  and  conditions  to  be  tested  during  the  program  at  Aerojet 
are  shown  in  Table  I. 


In  addition  to  the  tensile,  single-edge-notch  tensile  and  part-through- 
crack  tensile  specimens  to  be  tested  «t  Aerojet,  standard  sheet  type  fatigue 
specimens  will  be  f.bric.ted  and  delivered  to  the  University  of  Michigan  and 
aorth  American  Rockwell  Corporation  for  their  programs. 

PHASE  II  -  SPECIMEN  TESTING  AND  DATA  ANALYSIS 


uring  Phase  II,  specimen  testing  will  be  performed  and  will  be  accompanied 
y  continuous  data  analysis  throughout  Phase  II.  Primary  emphasis  will  be  to 
Jevelop  relationships  between  incremental  fracture  and  failure,  and  significant 
stress  wave  emission  characteristics  whirl  can  b.  employed  to  locate  and  assess 
lew  criticality  in  structure,  for  a  varl-.y  of  materials  and  use  conditions 
Stress  wave  characteristic,  which  will  b.  inv.stig.t.d  include  amplitude, 
cumulative  count  end  rat.  of  occurranca,  Th...  characteristics  will  be  related 
to  fracture  b.havior  through  fr.ctur.  machanics.  It  is  expected  that  further 
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refinement  in  such  relationships  as  develops  during  the  first  year's  program 
and  shown  in  Figures  1  through  3  will  be  made.  Other  stress  wave  emission 
characteristics  which  will  be  studied  include  wave  shape  and  frequency  content. 

Concurrently,  stress  wave  emission  attenuation,  discrimination  in  high 
noise  backgrounds,  and  source  triangulation  techniques  will  also  be  evaluated. 

PHASE  III  -  SUMMARY  TECHNICAL  REPORT 

The  Summary  Technical  Rf  -ui.  including  results  from  this  and  the  first 
year's  program  will  be  prepared  during  Phase  III. 
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111  •  technical  discussion  of  work  performed 


PHASE  I  -  SPECIMEN  FABRICATION 

The  D6aC  steel  and  6A1-4V  titanium  sheet  and  plate  materials  were 
available  from  the  first  year’s  program  while  the  7075-Tb  aluminum,  borosilicute 
glass  and  the  Borsic  reinforced  aluminum  matrix  composite  materials  were  procured 
for  this  program.  Fabrication  of  the  tensile  (Figure  4),  single-edge-notch 
tensile  (Figure  5)  and  part-through-crack  tensile  (Figure  6)  specimens  has  been 
initiated  and  is  proceeding.  The  borosilicate  glass  and  composite  materials  have 
been  ordered,  but  not  received. 

During  the  reporting  period,  the  standard,  sheet-type  fatigue  specimens 
(Figure  7)  required  foi  programs  at  the  University  of  Michigan  and  North  American 
Rockwell  Corporation  were  also  fabricated  and  delivered. 

PHASE  II  -  SPECIMEN  TESTING  AND  DATA  ANALYSIS 

No  tests  were  performed  during  this  period  using  test  materials  specifically 
procured  for  the  program.  However,  instrumentation  evaluations  were  continued 
where  possible  during  tests  conducted  as  part  of  other  studies. 

The  most  significant  of  these  evaluations  are  those  being  conducted  to 
evaluate  instrumentation  systems  which  will  provide  a  continuous,  long-term  moni¬ 
toring  capability  with  SWE  data  output  which  can  be  employed  to  relate  the  stress 
wave  data  to  applied  stress  intensity  and  incremental  crack  area.  As  indicated 
in  figures  1  through  3,  cumulative  stress  wave  emission  count  appears  a  signifi¬ 
cant  parameter  for  this  purpose.  During  the  reporting  period,  a  SWE  monitoring 
system  has  been  assembled  which  will  meet  this  requirement.  The  system  has  been 
employed  to  monitor  delayed  cracking  in  weldments.  Typical  data  obtained  from 
these  tests  which  illustrates  the  discontinuous  nature  of  the  cracking,  is  shown 
in  Table  2  and  Figure  8.  Additional  evaluations  of  this  system  and  other  instru¬ 
mentation  components  will  be  performed  when  the  specimens  for  this  program  are 
available  for  testing. 
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TABLE  I 


TEST  MATERIALS  AND  CONDITIONS 

Approximate 

Material  Modulus  Ultimate  Strength  (ksl) 

D6aC  Steel  30  x  106  220 

(0.1  and  0.3-in.  280 

thick) 

Borslc  Reinforced  Aluminum 
Composite 
(0. 1-in.  thick) 

T1-6A1-4V 
(0.1  and  0.25-in. 
thick) 

7J75-T6  Aluminum  10. A  x  10^  85 

(0.05  and  0.25-in. 
thick) 


32  x  106  140 


V 

16  x  106  140 

17" 


9.5  x  106 


Borosilicate  Glass 


SWAT-CONTINUOUS  RECORDING  OF  DELAYED  CRACKING 
H Y- 130  HORIZONTAL  WELDMENT  1  X  18  X  36-IN. 
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CUHJLATIVE  STRESS-WAVE  EMISSION  -  THOUSANDS  OF  COUNTS 


CUMULATIVE  STRESS  WAVE  EMISSION  (COUNT  X  103) 


CUMULATIVE  STRESS  WAVE  EMISSION  (COUNT  x  103) 


Figure  4.  Unflawed  Tensile 


(2  PLACES) 


:imen  for  Structural  Metals 
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Figure  8.  SWAT-Continuoua  Recording  of  Delayed  Cracking  HY-130  Horizontal 
Weldment  1  x  18  x  36-in. 
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4000  8000 


TIME  (MINUTES)  LOG  SCAUE 

(STARTING  228  MINUTES  AFTER  FINISHING  LAST  VIELD  PASS) 


r«Lae  15 


«■ 


